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have  been  measured  at  residences,  businesses  and  forest  recreational  areas  for  the 
continuing  assessment  of  the  Navy's  ELF  Communications  Program.  The  ELF  fields  from 
existing  antennas  at  Clam  Lake,  and  from  power  lines  In  both  states  are  low.  Intro¬ 
ducing  ELF  antenna  fields  at  Republic,  MI  In  several  years  will  not  significantly 
change  the  electromagnetic  environment  there.  The  existing  field  Intensities  are 
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public  to  ELF  electromagnetic  fields. 
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REPRESENTATIVE  ELECTROMAGNETIC  FIELD  INTENSITIES 

I  NEAR  THE  CLAM  LAKE  (HI)  AND  REPUBLIC  (MI) 

ELF  FACILITIES 

PURPOSE 

^  ElectroMgnetIc  field  Intensities  produced  by  Extremely  Low  Frequency 

(ELF)  coRMunl cations  antennas  and  commercial  power  distribution  systems 
have  been  measured  at  numerous  places  near  the  Navy's  ELF  Communications 
Facility  at  Clam  Lake.  Wisconsin  and  near  a  planned  new  facility  at  Republic. 

^  Michigan.  The  purpose  of  the  measurements  and  this  report  Is  to  describe. 

through  a  representative  sampling,  the  field  Intensities  where  people  live 
and  work,  and  at  places  residents  and  visitors  use  for  recreation. 

^  This  report  supersedes  data  presented  In  an  earlier  document.^ 

Graphical  presentations  have  been  changed  somewhat,  based  on  experience 
with  and  comments  received  on  the  earlier  report. 

ELF  ELECTROMAGNETIC  FIELD  SOURCES 

% 

Electromagnetic  fields  are  produced  by  currents  and  voltages  on  ELF 
antennas  and  commercial  power  lines.  The  currents  produce  magnetic  flux 
densities  which  are  the  same  In  air  and  earth.  The  magnetic  flux  densities 

I  also  produce  electric  fields  In  earth.  The  voltages  on  ELF  antennas  and 

power  lines  produce  electric  fields  In  air  that  have  different  Intensities 
and  direction  than  the  electric  fields  produced  In  earth.  All  of  these 
components  (magnetic  flux  density,  electric  field  In  earth,  electric  field 

I  In  air)  which  make  up  the  ELF  electromagnetic  environment  exist  at  the 

operating  frequencies  of  the  sources,  which  are  76  Hz  for  ELF  antennas  and 
60  Hz  for  coimierclal  power  lines.  The  fields  at  these  frequencies  do  not 
combine  In  air  or  earth  to  produce  other  fields  at  other  frequencies.  They 
simply  exist  simultaneoulsy  In  time  and  space  when  ELF  antennas  are  oper¬ 
ated  and  customers  use  electric  service.  The  data  In  this  report  describe 
magnetic  fields  and  electric  fields  In  air  and  earth  at  their  source  fre¬ 
quencies  and  their  Intensities  at  representative  places  In  the  Clam  Lake, 
Wisconsin  area.  Also  described  are  the  60  Hz  ambient  fields  present  at 
representative  locations  near  Republic,  Michigan  prior  to  construction  of 
the  ELF  facility  there. 
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SELECTION  OF  MEASUREMENT  LOCATIONS 


Measurements  were  Intentionally  avoided  directly  under  power  distribu¬ 
tion  lines  and  the  ELF  antennas  (the  rights-of-way).  Both  the  magnetic  and 
electric  fields  have  their  maximum  Intensity  within  rights-of-way,  but 
neither  residences  nor  businesses  are  located  within  power  systems  or  ELF 
antenna  corridors.  The  rights-of-way  for  these  systems  are  sometimes  used 
for  recreational  purposes  by  the  public,  but  generally  are  not  a  primary 
attraction,  as  are  campgrounds,  for  example. 

Measurement  locations  were  essentially  locations  of  opportunity  — 
residences  of  persons  participating  In  the  development  of  the  Navy's  ELF 
Comnunl cations  System  or  otherwise  Interested  In  Its  development,  local 
comnerclal  establishments  dealing  with  the  Navy's  program,  utilities  and 
government  offices  with  which  the  Navy  coordinates  Its  activities,  and 
recreational  resources  maintained  for  public  use. 

Instruments  (see  Appendix  A)  were  placed  approximately  In  the  centers 
of  rooms  or  other  unobstructed  spaces  for  Indoor  measurements,  with  close 
proximity  to  electric  appliances  avoided.  The  data  were  obtained  at  various 
times  of  the  day  during  early  Winter  In  Wisconsin,  and  during  late  Spring 
In  Michigan.  Outdoor  measurements  near  buildings  were  made  near  front 
entrances  without  regard  to  power  line  proximity. 

Outdoor  measurements  at  casually-occupied  places  (recreational  re¬ 
sources)  were  obtained  throughout  the  year  In  Wisconsin,  but  mainly  during 
Summer.  Similar  measurements  In  Michigan  were  made  during  Spring  and 
Summer. 

THE  CLAM  LAKE  AREA 

The  Navy’s  Clam  Lake  ELF  Coimiunl cations  Facility  Is  located  within 
the  Chequamegon  National  Forest  In  northwestern  Wisconsin,  see  Figure  1. 

The  transmitter  station,  the  antennas  and  the  ground  terminals  are  located 
entirely  on  public  land.  The  small,  unincorporated  village  of  Clam  Lake 
Is  the  closest  population  center,  and  Is  slightly  more  than  a  mile  west  of 
the  north  leg  of  the  ELF  antenna  system.  The  town  of  Cable,  with  a  popula¬ 
tion  of  several  hundred  Is  about  15  miles  west  of  the  nearest  ELF  antenna. 


RGURE  1  CLAM  LAKE  (Wl)  ELF  COMMUNICATIONS  FACILITY 
AND  ELECTROMAGNETIC  FIELD  MEASUREMENT  LOCATIONS 


Hayward,  also  west  of  the  Navy  facility  (about  25  miles),  has  a  permanent 
population  of  several  thousand,  with  seasonal  Increases  as  hlgl.  as  tens 
of  thousands. 

The  small  towns  of  Glldden  and  Butternut  are  about  the  size  of  Cable 
and  lie  about  10  miles  east  of  the  ELF  Facility.  The  City  of  Park  Falls, 
with  a  population  of  several  thousand.  Is  about  20  miles  to  the  southeast. 

There  are  seasonal  and  year-round  dwellings  along  highways  between 
towns,  and  clusters  of  homes  around  lakes.  Most  are  five  or  more  miles 
from  the  nearest  ELF  antenna.  All  are  served  by  electric  utilities,  but 
there  are  no  high  voltage  transmission  lines  In  the  Immediate  region. 

Electromagnetic  field  Intensities  were  measured  at  private  residences 
In  C1am  Lake,  Cable,  Glldden  and  Butternut.  Utility  offices,  government 
offices,  retail  business  places,  a  resort  and  a  lumber  supply  outlet 
represented  work  places  visited  by  the  public. 

Electromagnetic  field  Intensities  also  were  measured  at  places  used 
for  recreation  or  other  occasional  activity.  They  Included  campgrounds 
In  the  Chequamegon  National  Forest,  a  rest  area  along  a  highway,  a  summer 
student  encampment,  a  pipeline  right  of  way  popular  with  hunters  and 
hikers,  and  forests  and  meadows. 

THE  REPUBLIC  AREA 

The  new  Republic  ELF  Communications  Facility  will  be  constructed  with¬ 
in  the  Escanaba  River  and  Copper  Country  State  Forests  In  the  west-central 
portion  of  Michigan's  Upper  Peninsula,  see  Figure  2.  The  transmitter 
station,  the  antennas  and  the  ground  terminals  will  be  located  almost 
entirely  on  public  land. 

There  are  no  population  centers  within  four  miles  of  the  planned 
antennas.  Several  small  communities,  each  with  a  few  hundred  residents, 
and  the  towns  of  Republic/South  Republic,  Palmer,  Gwinn  and  Channing 
(with  populations  of  500-10(X9,are  four  to  six  miles  from  the  antenna 
routes.  The  cities  of  Ishpeming  and  Negaunee,  each  with  several  thousand 
residents  are  about  10  miles  from  the  antenna  routes,  as  Is  K.I.  Sawyer 
Air  Force  Base.  Other,  more  distant  population  centers  Include  Marquette 
ar  Iron  Mountain.  Both  are  about  15  to  20  miles  from  the  planned  antennas 
and  have  populations  In  excess  of  10,000. 
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A  number  of  year-round  and  seasonal  dwellings  are  located  along  high¬ 
ways  between  towns  and  near  recreation  areas.  With  the  exception  of  a 
group  of  homes  on  County  Hwy  581,  most  are  five  or  more  miles  from  the 
nearest  antenna  route. 

The  region  has  extensive  electric  utility  service  to  residents, 
including  high  voltage  power  transmission  lines. 

Ambient  60  Hz  electromagnetic  intensities  were  measured  at  private 
residences  in  Marquette,  Gwinn  and  Channing.  Measurements  were  also  made 
at  utility  facilities  and  government  offices,  and  at  places  used  for  recre¬ 
ation  or  other  occasional  purposes.  They  included  campgrounds  and  water 
access  sites  in  the  state  forests,  a  rest  area  along  a  highway,  and 
forested  areas  and  meadows  used  for  recreation. 

MEASUREMENT  RESULTS 
Wisconsin 

Results  of  magnetic  flux  density  and  electric  field  intensity  measure¬ 
ments  at  76  Hz  and  60  Hz  in  Wisconsin  are  illustrated  graphically  in  Figures 
3  through  14.  The  76  Hz  fields  are  produced  by  the  ELF  antennas,  and  by  76  Hz 
voltages  and  currents  induced  on  power  lines  (see  discussion  of  results).  The 
ELF  System  was  operated  without  modulation  to  accommodate  field  logistics  and 
measurement  instrument  characteristics  (see  Appendix  A).  The  intensities 
measured  under  unmodulated  conditions  at  76  Hz  are  the  same  as  produced  under 
modulated  conditions.  The  60  Hz  fields  are  produced  by  commercial  power 
distribution  systems  and  electrical  equipment  and  appliances  used  by  con¬ 
sumers.  Methods  of  measurement  and  tabular  data  are  included  in  Appendix  A. 

Michigan 

Results  of  60  Hz  magnetic  flux  density  and  electric  field  intensity 
measurements  In  Michigan  are  Illustrated  graphically  In  Figures  15  through 
20.  The  60  Hz  fields  are  produced  by  commercial  power  systems  and  by  equip¬ 
ment  and  appliances  used  by  consumers.  No  76  Hz  electromagnetic  fields 
generated  by  the  Wisconsin  ELF  Facility  could  be  measured  In  Michigan  with 
state-of-the-art  Instruments. 

Methods  of  measurement  and  tabular  data  are  Included  In  Appendix  A. 
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IGURE  3  -  MEASURED  76  Hz  MAGNETIC  FLUX  DENSITIES  AT  OCCUPIED  PLACES 
NEAR  THE  CLAM  LAKE  (WI)  ELF  FACILITY 
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FOREST  ACCOMNOMTIONS  OPEN  AREAS 

FIGURE  7  -  MEASURED  76  Hz  AND  60  Hz  MAGNETIC  FLUX  DENSITIES  AT  CASUALLY-OCCUPIED  PLACES 

NEAR  THE  CLAM  LAKE  (HI)  FACILITY 
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FIGURE  8  -  MEASURED  76  Hz  ELECTRIC  FIELD  INTENSITIES  IN  AIR  AT  OCCUPIED  PLACES 
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FIGURE  9  -  MEASURED  60  Hz  ELECTRIC  FIELD  INTENSITIES  IN  AIR  AT  OCCUPIED  PLACES 

NEAR  THE  CLAM  LAKE  (MI)  ELF  FACILITY 
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FIGURE  10  -  MEASURED  76  Hz  AND  60  Hz  ELECTRIC  FiaO  INTENSITIES  IN  AIR  INSIDE 
OCCUPIED  PLACES  NEAR  THE  CLAM  LAKE  (WI)  ELF  FACILITY 


•SEE  0-1  VOLT/NETEO  SCALE 


n  -  MEASURED  76  Hz  and  60  Hz  ELECTRIC  FIELD  INTENSITIES  IN  AIR  OUTSIDE 
OCCUPIED  PLACES  NEAR  THE  CLAM  LAKE  (WI)  ELF  FACILITY 


•SEE  0-1  VOLT/NETER  SCW.E 


FIGURE  12  -  MEASURED  76  Hz  AND  60  Hz  ELECTRIC  FIELD  INTENSITIES  IN  AIR  AT  CASUALLY-OCCUPIED  PLACES 

HEAR  THE  CLAH  LAKE  (HI)  ELF  FACILITY 
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FIGURE  17  -  MEASURED  60  Hz  ELECTRIC  FIELD  INTENSITIES  IN  AIR  AT  OCCUPIED  PLACES 
NEAR  THE  PLANNED  REPUBLIC  (MI)  ELF  FACILITY 


•SEE  0-1  VOLT/HETER  SCALE 


MEASURED  60  Hz  ELECTRIC  FIELD  INTENSITIES  IN  AIR  AT  CASUALLY-OCCUPIED  PLACES 
NEAR  THE  PLANNED  REPUBLIC  (MI)  ELF  FACILITY 


•SEE  0-5  MILLIVOITS/METEH  SC*LE 


FIGURE  20  -  MEASURED  60  Hz  ELECTRIC  FIELD  INTENSITIES  IN  EARTH  AT  CASUALLY-OCCUPIED 


DISCUSSION  OF  RESULTS 


It  Is  not  the  Intent  In  this  brief  report  to  evaluate  in  detail  the 
implications  of  low  levels  of  ELF  electromagnetic  fields.  The  interested 
reader  is  referred  to  the  considerable  literature  on  nonionizing  electro¬ 
magnetic  fields  and  biologic  effects.  Several  recent  reports  include 
especially  complete  evaluations  of  the  literature  (see  page  27). 

In  1969,  the  World  Health  Organization  Regional  Committee  for  Europe 

commenced  a  long-term  environmental  health  and  pollution  control  program, 

which  included  the  subject  of  nonionizing  radiation.  An  expert  committee 

of  26  scientists  concentrated  on  ELF  electromagnetic  fields,  and  their 

2 

evaluation  is  included  in  a  report  released  in  1982.  The  consensus  of 
the  Committee  was  that  "experimental  studies  show  that  E  fields  (electric 
fields)  of  Intensity  up  to  20  kV/m  (20,000  volts/meter)  and  H  Fields 
(magnetic  fields)  of  intensity  up  to  240  A/m,  i.e.,  0.3  mT  (3  Gauss), 
whether  individually  or  in  combination,  do  not  constitute  a  danger  to 
health."  The  reported  safe  magnetic  field  limit,  reduced  by  a  factor  of 
1000,  is  Indicated  in  Figures  3  through  7,  and  Figures  15  and  16. 
Similarly,  the  reported  safe  limit  of  20,000  volts/meter,  reduced  by  a 
factor  of  1,000,  is  shown  on  graphical  presentations  of  electric  field 
Intensities  measured  in  air  (Figures  8  through  12,  and  Figures  17  and  18). 

The  National  Radiological  Protection  Board  of  the  United  Kingdom  also 
has  considered  the  influence  of  ELF  electromagnetic  fields  in  a  recent 
study  of  nonionizing  radiation  effects.  The  Board  stated  there  is  "very 
little  Information  that  can  be  used  as  a  rational  basis  for  limiting 
exposure"  at  extremely  low  frequencies.  The  Board  further  commented 
that  effects  could  be  prevented  in  homes  and  work  places  if  electric 
field  intensities  are  kept  below  10,000  volts/meter,  and  considered 
prolonged  exposure  to  fields  in  excess  of  20,000  volts/meter  undesirable. 

Numerous  other  organizations  also  have  recently  considered  public 
atid/or  occupational  exposure  to  electromagnetic  fields.  These  include 
the  International  Radiation  Protection  Association,  the  American  Confer¬ 
ence  of  Governmental  Industrial  Hygienists,  the  American  National  Stand- 
ards  Institute  and  the  U.S.  Environmental  Protection  Agency.  None  of 


these  organizations  has  reconmended  limits  on  either  public  or  occupational 
exposure  at  extremely  low  frequencies. 

The  United  Nations  Economic  and  Social  Council,  Economic  Commission 
for  Europe,  Committee  on  Electric  Power,  also  has  Initiated  a  study  of 
electromagnetic  field  effects.  To  date,  the  Group  of  Experts  on  the 
Relationship  Between  Electricity  snd  the  Environment,  has  released  the 
following  from  three  governments  represented  on  the  Coninlttee;^ 

USSR.  12  December  1981  - 

The  occupational  threshold  value  for  unlimited  exposure  to  ELF 
electric  fields  Is  5,000  volts  per  meter.  Protective  devices  are 
required  If  the  electric  field  exceeds  25,000  volts  per  meter.  At 
Intermediate  Intensities,  the  duration  of  exposure  Is  limited,  and 
protective  devices  are  required  under  some  conditions.  The  limit 
In  residential  areas  Is  500  volts  per  meter. 

France.  14  September  1982  - 

At  the  present  stage  of  research  and  findings,  the  French 
representatives  draw  the  same  conclusion  as  that  of  the  experts 
of  WHO,  that  the  highest  level  of  electric  fields  near  very 
high  voltage  transmission  lines  presents  no  danger  to  health. 

United  Kingdom.  11  October  1982  - 

Available  evidence  and  operational  experience  give  no  reason 
to  believe  that  exposure  to  ELF  electric  and  magnetic  fields  Is 
generally  hannful  to  health. 

Except  for  the  World  Health  Organization,  no  other  group  has  addressed 
magnetic  field  Intensities,  and  none  of  the  organizations  appears  to  have 
considered  electric  field  Intensities  In  earth.  The  National  Academy  of 
Sciences  considered  the  latter  in  its  evaluation  of  the  Navy's  ELF  Communi¬ 
cations  Program  released  In  1977,  and  in  particular  with  regard  to  electric 
field  Intensities  produced  In  earth  near  ELF  ground  terminals.^  The  experts 
concluded  that  safety  would  be  assured  if  electric  fields  In  earth  by 
continuous-conducting  ground  terminals  were  limited  to  a  maximum  value  of 
1.5  volts  per  meter.  This  value  Is  10  times  less  than  Is  generally  adopted 
by  the  electric  power  Industry  for  faulted  power  line  conditions.  The  line 
representing  the  value  10  times  lower  than  the  National  Academy  of  Sciences 
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recommendation  (100  times  lower  than  industry  practice,  generally)  is 
indicated  on  Figures  13,  14,  19  and  20  illustrating  the  results  of  measure¬ 
ments  of  electric  field  intensities  in  earth. 

Concern  about  ELF  electromagnetic  fields  and  their  effects  on  the 
environment  and  health  also  is  evident  in  recent  litigation  and  administra¬ 
tive  law  proceedings.  A  recent  study  of  these  cases  has  been  completed, 
and  the  findings  are  summarized  In  Table  1.  As  the  information  in  the  table 
shows,  neither  the  various  courts  nor  administrative  agencies  have  prohibited 
the  construction  of  transmission  lines  which  produce  relatively  strong 
electric  fields  in  air  (in  the  order  of  lOOO's  of  volts  per  meter).  Views 
expressed  in  these  deliberations  exhibit  considerable  doubt  as  to  the 
Importance  of  effects  of  ELF  electromagnetic  fields  on  health  and  biology. 
Oregon  is  the  only  state  that  has  codified  limits  on  electric  fields  pro¬ 
duced  by  power  transmission  lines,  permitting  9000  volts  per  meter  in 
areas  accessable  to  the  public.^^  Note:  the  maximum  electric  field  in  air 
from  an  ELF  antenna  was  0.16  volts/meter  (see  Table  A-3). 

Magnetic  Fields  (World  Health  Organization  considered  safe  limit  -  3  Gauss. 

The  largest  value  measured  in  Wisconsin  at  60  Hz  was 

8.2  milligauss  and  at  76  Hz  was  2.4  milligauss.  The  largest 

value  measured  in  Michigan  at  60  Hz  was  2.5  milligauss.) 

Magnetic  flux  densities  produced  by  ELF  antennas  at  Clam  Lake,  and 
by  commercial  power  line  currents  are  weak  and  roughly  comparable  where 
people  live  and  work  in  the  Clam  Lake  and  Republic  regions.  Figures  3,  4, 

15  and  16  show  that  the  ELF  antenna  and  power  line  currents  generate  low 
magnetic  field  intensities  (generally  less  than  1  milligauss  with  8.2  milli¬ 
gauss  the  highest  level  measured).  Tabular  data  are  included  in  Appendix  A. 
Higher  magnetic  flux  densities  can  be  measured  close  to  many  appliances, 
and  measurements  made  indoors  and  graphically  presented  in  Figures  4  and 
5  represent  a  composite  of  magnetic  field  contributions  from  numerous 
operating  appliances.  The  60  Hz  magnetic  fields  measured  outdoors  are 
produced  by  the  power  line  currents  drawn  by  consumers. 

The  magnetic  flux  densities  produced  or  otherwise  associated  with  the 
ELF  antennas  at  Clam  Lake  (Figure  3)  can  only  be  measured  within  about  a 
mile  of  the  antennas  with  the  best  available  commercial  instruments.  Only 
submarine  ELF  receivers  can  pick  up  such  low  field  strengths.  Even  at  these 
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North  Dakota  Basin  Electric  Power  North  Dakota  District  1980 

y.  Oster  et  a1.  Court  Testimony  on  the  health  effects  of  transmission  lines  was 

(Nos.  4051-4D53,  4062,  presented  In  proceedings.  However,  health  effects  were  not 

4111-4118,  4124-4125,  4141)  discussed  In  the  final  orders  condemning  property  for  ease¬ 

ments  and  rights-of-way. 


«i  ■  k  e 
«i  9  « 
k  e  > 

&  «  e  k 

g-geo. 

k-  a  k  • 
^  5  o  c 

Sk^a 

7;3sl 


?  kl  *0  01 

O  ^  «  <A 

«•**-& 

k  C 

«  «  >» 


§  ?1 
s  i: 

o  u 

</)  JC  **- 
M  4-»  > 

Sk  k 

o  « 
z  to 


U  k  «« 

<e  85-- 

<•  M  k  V 

t"  3  ■?  w 

tel  k  • 

S  l$l£ 


O  O  ttf 

I  W  k>  O  **  4^ 

^eo  k>^ow40 

eeo  ai«k4-» 

•^-iptckko  o 

M  e^«3a.«u«i 

•kZvov  •  ** 

E^4>uk.&e<oto 
2  ♦*  **  5  K  •  c 

e«ieo 

«<k  «  k  .  o 

k  «  W  4^  C 

>%  e  k  «  o  o»^  VI 

4i  c  «  « 


Mt  I 

^  Ot  t/t  'V 

4^  e  c  «o 
u  £ 

« *9  k 

H»  a>  t/t  4-1 

I*.  a>  k  o  • 

«  o  k  a>  e  01 

o  V  c  o 

^  k  T9  S  -a  c 

lo  a.  c  e  « 

a  a  a  a 


5 

k  k  ^  4-»  o  o 
«<4  «o  k  «  U  4i^ 
01  01  Q  Z  C 
a  ^  J  4J.-..- 
C  lO 

k-*^  c  »  f-  4-1 
O  O  O  k  « 

>1  ^  4.#*- 

a  4-»  44  <A  ^ 

«  0)  01  a  o 

I'S^S  «8 

O  »A  o  z 

e  a  4i4  4-»  c 
^  c  k 

<o  01  i—  a  4.* 
4-»  u  o  4.» 

O  .C  C  4J  o  •«> 
c  4.>  0)  a  E 
»-  a  o>  a 
a  <o  ••-  >«  E  <o 

k  o>  >  ^  « 

0>  Z  0)  k  c 

S  a  o.*^ 

c  o  0)  3 

>t  O  4-*  4-1  to  k 

a  c  a  o 


^9«^«^a<ozO  u 

^k4-»  % 

eZeotau*^  «k» 
o  •^kne  c  >^u 
%j  *A  m  xo«'^>% 

•  Ot  lA  U  «  44  U 

o  w  «  B  a  xa  s  «  4-> 

•^c*4^a>t  V* 

ttar-  oaa 
os'^-u  ek«aiw 

•V-0.44  MK44MI44S<k 
4^^  UlA**-0>4i0lZ«O 
«o>e*  £  kkotk 
U.C  a  k  o>  o>  44 

<^44>^4i  Ct—  ca  k  »  c 
i>^ceo.ao)c  44» 
S-O'^S  ^0>iP<D«E 
a.44  oaa  a  ot 

«  .  ?s  »-  5  a  z  c  o*a 

^kkM0)k^444o4la 

ao>««<^  uo>^fa'^ 

o*ote  k-  •*-<D44« 

♦;  c*2  o»  a«k  o>  a 

C«SbUC  ZkCO) 


U  -k 

k  k  44  44  O  k  e 

J  C  44 

OI  Q  01  01  k-  44  M 

c  kZ  c  »  s 

:  o  40 

Uk  z 

c  au  0144  c  a 
o  01  5  9  k  oiz 

9  4M  44 

c  a  k  «  o> 

a  •<>  E  44  44 

g  5  M  to  OJ 


5^  >  >  01  k 

Qp  01  0)  VI  O 

4^  9i  a 

K  ^  e  01  «  * 

4-  O  ^  U  VI  • 

^  ^  44£ 

2  s's^sar 

to  *5  M  01  c  k-  « 

4«  «  k  •4*  k-  01 

a  r>«>  a  u  4-  01  z 


01»—  01 
Cl  «  c 

S  e  44 

01  01  c  f— 
^  a  01 

«  •*-  6  C 
•44  >  B  O 

01  O  ■4> 

o  k  VI 
44  44  «*•  VI 
C  >  -4. 

44  «  e  E 

Z  01  VI 

oi  u  e 

t-  ••-  >1 « 

k  <k  c  k 

S  k-  40  44 

a 

VI  VI  <k  a 
•  c  o  S 

k-  VI 

<4.  01  O 

a  u  5, 
44  c  c  o 
e  a  01  k 

O  44  o. 
40  <4.  VI 
^  -^41 

a44  X  f 
k  01  44 
01  3 

C  O  01  >s 

•»-  u  f  -o 

ai.c*4.  S 
44  44  O  VI 
01  3 

a  •  B  « 
e  u 

O  O  40 
4>*  ...  r-  VI 
44  U  44 


1  VI  01  01  k  01  U  Cl 

Vl^CflOl  ClOVlOl 

l•^k.^k>  •*>  .Ik 


4-B*^044U  44  44aai« 
E4.VIC0lUUk44tt  • 

•  5  a^4>S4oe&vi 

*k  aikP-N'^o.44 

o  ooia  440140  <k 
cpoicce  VI  zoi  a 
a£<#>S<ee'«->c  01I4.O 

*—  e^4oaio4ok.ou 


40  k  Cf- 

k  o  40  a 

VI  tVH-  >  Cl  VI 

01  a  k-  k  k- 

«k  01  44  lO 

44  u.  k  VI  kl  01 

4^  a  c  o. 

o  c  a  Q. 
•k  ec^  a  k< 
44  e  an 

a  k.  44  0. 

VI  U  B  01  o 
U  Vl*k  k  z 
•k  k-  k  01  44  44 
...  e  44  44  k 

z  E  VI  VI  a  3 

3  O^k  «  C  Q 
a  kl  o  ui  40  O 


k  B  3  k  o  < 
01  VI  o  w  ! 

Sc  u  c  c 

«  O  k  4 


k  C  44  t^ 

«  e  e  01 

01  k  lo 


Texas  Houston  Lighting  and  Power  Montgomery  County  Court  Decision  pending 

V.  Bacarlsse  et  a1. 

(Nos.  7717,  7737,  7857,  7858, 

7919) 


4>  « 

n  *0  E  c 
:  •  a  o 

■  tAf~  ya 

t  u  c 

1  u  C  <0  •»“ 
j  4i  O  U 
.  U  *4^ 

f*-  *0 

e  0^  £  'O 

j  <j  t.  ^ 


a  4.i  4-»  u 

0  c  a 
2  •«-»  «  O 
3  O 

«  i.  o 

'-  g-^r 

>  O  41  ‘*-* 
^  ^  wt 

O  ‘ST 

m  *9  0 
^ 

r*.  o  3^ 

O  40 
(T)  41  U  ^ 

r»  <0  wi  4t 

Ok  f  3  ^  *0 
^  4-t  <0  U  41 
U  O  iA. 

‘O  *0  «  £ 

C  C  ^  4f 

40  3  ^ 

O  "O 

«(•-  U  C 

z  «  40  4)  ^ 

0  r«.  c  M  ^ 

M  Ok  O  40  4/» 

^  Vf  40  $ 

«/i  >  M  >k  U  E 

G  ^  4i»  C 


40  <0  c  -*->  c  u  >> 

c  E  O  O  X  c 

E  o  C  4>  S 

S  u  -o  >%  E 

4->  4>  lA  U  •*- 


.  O  4» 

L  O  Wk  -•- 

c  u  c 
>  O  41  Ok 
•^  >  40 

:  *0  E 

m 


•  £  c  x:  <A 

»  0^4-* 

>  ^  ^  *40 

u  <0  O  c 

I  <0  OkX 

>  41 

.  1^  W  o 

4A  o  a 

4^  41  kA 

)  O  >  41  kA 

»  c  u  •*- 

»  01  c 

•  lA  41  4» 

^  a  4^  ^  X 


I  4;  <0  C  4» 

E  c  -*-0 
c  w  c 

s*—  o  c  ^ 

>  44  -p  >  4) 

I  X  S  c  4*> 

>  W  •«-  O  44 

*  f—  u  u 

k  O  44 

4  4-4  U  O  0> 

>  C  C 

c  c 

4  O  O  «A  kA 

»  -r-  5  lA 

>  4>4  kA  X  40 


kA  a 

4-4  (A  O 

•-•  «n  o 

<_>  ^  B  ^ 

o  c  5  *c 

VA  4-  ••- 

M  Ok  C  4.4  01 

oe  V  o  kA  k 

^  >  4.4  o  > 


C  U  P 

o  c  « 

•p-  «  vk 

«  C  01  & 

U  44  e  O  44 

>  e 

^  C  N  ^ 

a  o  ~t 

0.0  k  kk 

<  S  o  S 
k.  X  o 

W  O  <4^  44 

a.  %  >tS  *8 


¥»  40 

u 

O  X  00 

VI  U4» 
40  Ok 
>  ^ 

P  W  «  P 
e  44  ocM 


a.  40  >is  B  e  44  ocM 

u  4-4  9  40  00 

C-^*^kC^  3<UJ 
40kklAO<OP  I/)  (/> 

kA  UP 

X4VOk^-P  0.>4/> 

u  k  y  o  O  o  ^ 

40  44  O  P  »  ^  >k«N4 

VJ  Z  *A-  P  ^ 

ui  9  ^  •  C  e  • 

gowpkkno  ^30 

^fig5;s5  ssi. 


C  44 
O  •<*  <0 
c 

*4  44  4.4 

<0  >  U 
U  C  3  44 
1-  O  k  C 

^  k)  «4  ^ 


k  44 


O  U 

o.  >k  B 

kl-  4J  kA 


X  O  44  4-  O 
^  <0  z  ^ 

3.  k  p  kn  o 

o  o  c  p  z 

« k*.  «  f-.*-- 


to  O  I 

.PA  ^4-4  o 


k  40  3  PV 
♦4  ^  VI  44  * 

lll£i 


44  UJ 

X  Si  < 

40  «  K* 

h^a.  <0 


34 


relatively  close  distances  they  are  measurable  with  commercial  Instruments 
only  because  76  Hz  Interference  currents  are  coupled  from  the  antennas  to 
the  mitigated  comnercial  power  lines  serving  the  community  of  Clam  Lake.^^”^^ 
The  flux  densities  Inside  buildings  are  somewhat  lower  than  outside. 

One  exception  Is  notable  In  Figure  3.  An  outdoor  measurment  of  nearly 
0.5  milli-Gauss  was  measured  at  Location  A02  about  11  miles  from  the  ELF 
antennas.  The  location  is  a  telephone  central  office,  and  like  power  lines, 
telephone  lines  also  carry  76  Hz  Interference  currents  coupled  from  the  ELF 
antennas. The  coupling  on  a  telephone  cable  mitigated  close  to  ELF 
antennas  will  be  evident  at  a  telephone  central  office  many  miles  away. 

The  measured  60  Hz  magnetic  flux  densities  illustrated  in  Figure  4 
exhibit  several  interesting  characteristics.  There  is  no  consistency  in 
the  relationship  between  Indoor  and  outdoor  measurements:  indoor  magnetic 
flux  densities  were  higher  than  those  outdoors  at  nine  places,  and  the 
opposite  condition  was  found  at  seven  places.  The  data  obtained  in  Michigan 
(Figure  15)  exhibit  the  same  characteristic.  These  data  do  not  support  the 
contention  In  some  recent  literature  that  power  cable  configurations  or 
outdoor  magnetic  flux  density  measurements  are  adequate  for  estimating 
magnetic  flux  densities  which  may  exist  indoors.  These  data,  in  fact, 

suggest  that  estimates  made  on  such  assumptions  can  be  in  error  by  large 
factors.  The  error  factors  may  range  from  overestimating  indoor  magnetic 
flux  densities  by  as  much  as  70  percent,  or  underestimating  them  by  as 
much  as  5000  percent. 

The  effect  of  mitigating  power  distribution  lines  is  to  reduce  60  Hz 
magnetic  flux  densities  to  some  degree  because  of  the  flux  cancellation 
that  takes  place  when  the  lines  are  converted  from  single-phase  to  multi¬ 
phase  circuits.  Some  evidence  of  this  is  apparent  at  the  locations  one 
mile  from  the  ELF  antennas  shown  in  Figure  4,  where  the  outdoor  magnetic 
flux  densities  are  especially  low. 

Figure  4  also  shows  that  the  highest  60  Hz  magnetic  fields  were  measured 
at  the  telephone  central  office  (Location  A02)  about  11  miles  from  the  ELF 
antennas.  The  Indoor  fields  are  mainly  produced  by  switching  relays  which 
complete  customers'  calls.  The  fields  outdoors  are  produced  by  the  Incoming 
power  lines. 
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The  60  Hz  magnetic  field  data  presented  In  Figure  4  for  the  Clam  Lake 

area  and  In  Figure  15  for  the  Republic  area  also  suggest  that  some  recent 

articles  about  occupational  exposure  to  ELF  electromagnetic  fields  should 

21-24 

be  viewed  with  some  skepticism.  Occupational  categories  which  may  have 

some  meaning  to  the  health  community  have  been  used  In  these  articles  to 
Infer  electromagnetic  exposures  without  benefit  of  measurements  or  other 
exposure  Indices.  The  categories  appear  to  be  much  too  broad  as  regards 
electromagnetic  field  exposures,  however.  Two  categories,  for  example, 
are  telephone  craftsmen  and  electrical  engineers. 

Telephone  craftsmen  and  electrical  engineers  routinely  work  at 
locations  AOS  (telephone  engineering  office)  and  A02  (telephone  central 
office)  at  Clam  Lake,  and  at  Location  C12  (telephone  central  office)  at 
Republic.  The  60  Hz  magnetic  field  Intensities  vary  greatly  among  these 
locations  (see  Figures  4  and  15). 

Magnetic  field  Intensities  at  casually-occupied  places  In  the  Clam 
Lake  (Figure  7)  and  Republic  (Figure  16)  areas  are  generally  lower  than 
near  buildings  where  people  live  and  work.  Measurable  60  Hz  fields  are 
present  where  power  lines  are  nearby,  and  In  pipeline  rights  of  way 
(Figure  7,  Locations  001  and  002).  Inductive  coupling  between  power  lines 
and  pipelines  Is  the  mechanism  in  the  latter  case.  The  same  type  of 
coupling  occurs  between  ELF  antennas  and  pipelines.  The  76  Hz  magnetic 
fields  within  several  miles  of  the  ELF  Facility  also  are  produced  as  a 
result  of  Interference  currents  produced  on  nearby  power  lines.  The 
strongest  field  (2.4  milligauss.  Figure  7,  Location  A24)  was  measured  at  a 
roadside  rest  adjacent  to  a  60  Hz  power  line. 

Electric  Fields  in  Air  (World  Health  Organization  considered  safe  limit  - 

20,000  volts/meter.  The  largest  value  measured  In 
Wisconsin  at  60  Hz  was  75  volts/meter  and  at  76  Hz 
was  0.16  volts/meter.  The  largest  value  measured 
In  Michigan  at  60  Hz  was  35  volts/meter.) 

The  electric  field  Intensities  produced  in  air  at  76  Hz  by  the  ELF 
antennas  diminish  rapidly  with  distance,  and  due  to  their  extremely  low 
value  can  be  measured  reliably  only  with  state-of-the-art  Instruments  more 
than  a  mile  from  the  antenna  rights-of-way  (see  Figure  8).  The  electric 
fields  produced  In  air  by  60  Hz  power  lines  outdoors  and  by  electric 
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appliances  Indoors,  on  the  other  hand,  are  low  Put  easily  measurable  In 
and  near  buildings  (Figures  9  and  17).  The  fields  In  a  home  may  be  higher 
than  outdoors,  depending  upon  the  appliances  being  used  by  the  residents. 

The  use  of  electrical  equipment  has  a  similar  effect  In  commercial  buildings. 
Mitigating  power  lines  to  avoid  Interference  from  ELF  antennas  does  not 
affect  the  Intensity  of  60  Hz  electric  fields  In  air  substantially  unless 
the  voltage  of  the  power  lines  are  changed.  The  physical  re-configuration 
resulting  from  converting  single-phase  distribution  lines  to  multi -phase 
circuits  has  only  a  small  effect. 

Neither  76  Hz  nor  60  Hz  electric  fields  can  be  measured  In  air  at 
casually-occupied  places  (recreational  resources)  unless  a  power  line  Is 
relatively  close  by.  The  few  measurements  shown  In  Figures  12  (Clam  Lake) 
and  18  (Republic)  were  obtained  at  locations  where  this  was  the  case. 

Electric  Fields  in  Earth  (NAS  recommended  maximum  field  -  \.5  volts/meter. 

The  largest  value  measured  In  Wisconsin  at  60  Hz 
was  0.16  volts/mcter  and  at  76  Hz  was  0.08  volts/ 
meter.  The  largest  value  measured  In  Michigan 
at  60  Hz  was  0.09  volts/meter.) 

There  Is  a  consistency  between  76  Hz  electric  fields  In  earth  and 
magnetic  flux  density  at  Clam  Lake  that  Is  entirely  expected.  These  fields 
In  earth  are  everywhere  very  low,  and  diminish  as  a  function  of  distance  from 
the  ELF  antennas  (see  Figure  13).  The  consistency  between  the  electric  and 
magnetic  fields  Is  predictable  since  the  latter  is  the  source  of  the  former. 
The  electric  fields  are  especially  low  beyond  a  mile  from  the  ELF  antennas. 

Electric  fields  In  earth  at  60  Hz  are  produced  by  the  grounded  neutral 
wires  of  power  lines  and  the  "home"  grounds  at  consumers'  premises.  The 
quality  of  these  grounds  varies  widely,  as  Is  suggested  by  the  considerable 
variability  In  the  data  Included  In  Figures  13  and  19.  Some  of  the  lowest 
Intensities  were  measured  In  the  Village  of  Clam  Lake,  where  the  grounds 
tend  to  be  high  quality  due  to  the  mitigation  process  completed  by  the  Navy 
In  the  late  1960's. 

Figure  14  shows  that  the  76  Hz  electric  fields  In  earth  are  generally 
lower  at  recreational  areas  than  near  homes  and  businesses  at  Clam  Lake. 
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This  was  expected  since  there  are  few  power  lines  near  those  places  to 
cpnduct  76  Hz  interference  voltages  and  currents.  Figures  14  and  20  show 
that  the  same  is  true  for  60  Hz  electric  fields  in  earth.  They  are  measur¬ 
able  only  where  power  lines  are  relatively  close  by. 

Summary 

The  electromagnetic  fields  produced  in  air  and  earth  by  the  ELF 
Transmitter  Facility  and  coirmercial  electric  power  distribution  lines  near 
Clam  Lake,  Wisconsin  are  very  low.  Their  intensities  in  air  are  generally 
1000  times  or  more  below  levels  considered  safe  by  recognized  scientific 
experts.  Electric  fields  in  earth  are  generally  about  10  times  or  more 
below  levels  considered  safe  by  the  National  Academy  of  Sciences  for  con¬ 
tinuously  operating  systems,  and  about  100  times  or  more  below  levels 
regarded  as  generally  safe  under  power  line  fault  conditions. 

The  data  reported  here  also  suggest  that  relationships  between  electro 
magnetic  field  intensities  inside  buildings  and  outdoors  are  unpredictable. 
The  rural  nature  of  the  Clam  Lake,  Wisconsin  and  Republic,  Michigan  regions 
further  suggests  that  such  relationships  would  be  at  least  equally  unpredict 
able  in  more  complex  urban  situations.  Reported  studies  of  public  and 
occupational  health  that  do  not  include  measured  electromagnetic  fields, 
or  some  other  reliable  indication  of  electromagnetic  exposure,  should 
therefore  be  regarded  as  speculative. 

Operating  ELF  transmitter  facilities  at  Clam  Lake,  Wisconsin  and 
Republic,  Michigan,  will  not  significantly  change  the  ELF  electromagnetic 
environments  of  these  essentially  rural  areas.  The  electromagnetic  fields 
produced  by  ELF  antennas  have  about  the  same  intensity  as  those  generated 
by  coninercial  power  distribution  lines.  The  addition  of  these  fields  at 
another  frequency  is  accompanied  by  some  reduction  of  the  already  low  60  Hz 
fields  by  the  process  of  converting  nearby  single-phase  power  lines  to 
multi-phase  lines  for  interference  mitigation  purposes. 
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APPENDIX  A 

INSTRUMENTATION  AND  MEASUREMENT  METHODS 

Magnetic  Fields 

Magnetic  flux  densities  were  sensed  with  a  small  single-axis,  multi¬ 
turn  probe  with  a  ferrite  core.  The  probe  is  calibrated  across  a  wide 
frequency  range  in  a  precisely-known  magnetic  field  in  the  laboratory. 
Tuned  voltmeters  were  used  with  the  probe  to  obtain  measured  data 
(specialized  Navy  voltmeter,  and  Hewlett-Packard  Models  302A  and  3581 A 
signal  wave  analyzers).  As  used  in  the  field,  the  instrumentation  could 
measure  flux  densities  as  low  as  1.0  micro-Gauss  in  bandwidths  of  3,  30 
and  300  Hz.  The  bandwidths  were  used  to  detect  measurable  signals  present 
at  other  low  frequencies,  which  could  otherwise  confound  data  interpreta¬ 
tion.  The  voltmeters  include  internal  calibration. 

Magnetic  flux  density  was  sensed  at  a  one-meter  probe  height  in 
three  orthogonal  directions  at  each  measurement  location:  two  perpen¬ 
dicular  directions  in  the  horizontal  plane  and  the  vertical  direction. 

The  root-sum-square  (rss)  value  of  the  three  measurements  was  then 
computed  to  obtain  the  resultant  magnetic  flux  density  at  each  frequency 
at  each  measurement  site.  The  76  Hz  data  collected  in  Wisconsin  repre¬ 
sented  antenna  operations  at  300  amperes,  unmodulated  (simultaneous  in 
North-South  and  East-West  antennas). 

Electric  Fields  in  Air 

Electric  field  intensities  in  air  were  measured  with  a  calibrated 
ELF  electric  field  probe  developed  for  ELF  Communications  Program 
research  and  experimentation.  The  probe  consists  of  two  insulated 
hemispheres  which  form  a  split,  6  centimeter  diameter  sphere  when 
assembled.  The  electric  field  on  the  sphere's  axis  is  sensed,  and  a 
modulated  light  replica  of  the  field  is  transmitted  to  a  measurement 
receiver  by  an  optical  fiber  cable.  The  receiver  reconverts  the  light 

V.  Formanek;  An  Improved  ELF  Electric  Field  Probe;  IIT  Research  Institute, 
Technical  Memorandum  E  6249-2;  March  1974 
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signal  to  an  electric  signal,  which  is  then  measured  by  a  tuned  volt¬ 
meter  (see  identification  above)  as  field  intensity  at  the  sphere's  axis. 
The  instrumentation  sensitivity  was  three  millivolts  per  meter.  The 
probe  was  calibrated  in  the  laboratory,  and  checked  at  each  measurement 
location  with  a  portable,  capacitive  source. 

Electric  field  intensities  were  measured  at  a  one-meter  probe  height 
at  each  location  and  at  each  frequency  and  bandwidth  in  the  same  planes 
and  directions  noted  above  for  magnetic  flux  density  measurements.  The 
rss  value  of  the  field  was  then  computed  at  each  location  and  frequency. 
Resulting  data  at  76  Hz  in  Wisconsin  represented  simultaneous  300  ampere 
(unmodulated)  ELF  antenna  operations. 

Electric  Fields  in  Earth 

Electric  field  intensities  in  earth  were  measured  with  an  electric 
field  probe  developed  for  ELF  Communications  Program  research  and  experi¬ 
mentation.  The  probe  consists  of  two  metal  stakes  mounted  on  a  non- 
conductive  triangular  frame  with  appropriate  electric  cables.  Force  is 
placed  on  the  frame  so  that  the  metal  stakes  penetrate  soil  to  a  known 
depth  at  two  points  one  meter  apart.  The  potential  difference  between 
the  stakes  is  measured  with  a  tuned  voltmeter  to  obtain  measures  of  field 
intensity. 

Electric  field  intensities  in  earth  were  measured  in  two  orthogonal 
directions  in  the  horizontal  plane  at  each  measurement  location  and  at 
each  frequencey  and  bandwidth.  The  rss  value  of  the  two  measurements  at 
each  location  was  then  computed  to  obtain  the  resultant  electric  field 
intensity  at  each  frequency  at  each  measurement  site.  The  tuned  volt¬ 
meters  identified  above  were  used.  The  instrument  sensitivity  was  50 
microvolts  per  meter.  Resulting  data  at  76  Hz  in  Wisconsin  represented 
simultaneous  300-ampere  (unmodulated)  ELF  antenna  operations. 

MEASURED  DATA 

The  resulting  rss  values  of  all  magnetic  and  electric  field  measure¬ 
ments  made  in  Wisconsin  and  Michigan  are  listed  in  Tables  A-1  through  A-12. 
Electric  field  intensities  at  60  Hz  in  air  near  Inhabited  places  (Tables 
A-3  and  A-9)  below  0.1  volt  per  meter,  and  electric  field  intensities  in 
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soil  below  100  microvolts  per  meter  (Tables  A-5,  A-6  and  A-12)  are  not 
listed.  Variations  were  observed  during  measurements  of  such  very  low 
intensities,  and  a  reliable  measure  could  not  be  obtained.  The  varia¬ 
tions  could  be  due  to  a  number  of  factors,  including  movements  of  people 
and  nearby  traffic,  and  changes  in  electric  usages  by  customers  on  a 
particular  power  line. 
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MEASURED  MAGNETIC  FLUX  DENSITIES  AT  OCCUPIED  PLACES 
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